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The suction muffler of a reciprocating compressor is used for reducing a noise produced by pressure 
pulsations. According to the shape, the suction muffler is classified into one-chamber type, two-chamber type, 
Helmholtz-resonator type, pipe-resonator type, and so on. These mufflers are used according to the characteristics 
of the frequency of compressor noise. In this study, four pole parameters have been used for calculating 
Transmission Loss of the muffler, and Insertion Loss has been acquired for the optimum design of a muffler by 
the experiment. 
NOMENCLATURE 
 p  : Acoustic Pressure [Pa] c  : Speed of Sound [m/s] 
 v  : Mass Velocity [kg/s] TL : Transmission Loss 
 ρ  : Density of Refrigerant [kg/m3] IL : Insertion Loss 
 
INTRODUCTION 
 The pressure pulsation generated at the suction and discharge port of reciprocating compressor is the main 
cause of a noise and vibration. In addition, it has relation to generation of a flow-induced noise and compressor 
performance. Therefore, many researches on suction muffler have been carried out in view of noise reduction as 
well as flow performance. 
According to the characteristics of the noises, either one-chamber type suction muffler or two-chamber type 
suction muffler can be used for reducing a noise of a reciprocating compressor. Also, Helmholtz resonator can be 
inserted to a suction muffler. In this case, noise can be reduced so much in a local frequency band, but the width 
of the band is too narrow to reduce the noise totally with varying temperature of the refrigerant. On the other 
hand, it is reported that a suction muffler with a pipe resonator can reduce noises efficiently in a broad frequency 
band. 
In this study, Transmission Loss (TL), one of the performance parameters for muffler, is calculated using 
four pole parameters. Another performance parameter, that is, Insertion Loss (IL) is obtained by experiment and 
one-chamber type suction muffler is compared with two-chamber type suction muffler and pipe-resonator type 
suction muffler on the characteristics of the noise reduction. 
SUCTION MUFFLER MODELING 
Transmission Loss 
TL (Transmission Loss), one of the performance parameters for a muffler, can be calculated by transfer 
matrix. State variables for the transfer matrix are acoustic pressure and mass velocity. It is assumed that plane 
wave propagates to the exclusion of higher modes or three-dimensional waves. Indeed, the suction muffler of a 
reciprocating compressor is too small to allow propagation except plane waves at the frequencies of interest. In 
the end, an overall transfer matrix can be defined, in spite of the existence of three-dimensional waves in the 
suction muffler. 
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where p and v are, respectively, acoustic pressure and mass velocity, subscripts in and out stand for inlet and 
outlet of the suction muffler, respectively. 

































vA . (5) 
 
Four-pole parameters can be obtained by imposing an anechoic condition as boundary condition for the 
outlet of the suction muffler: 
i) By imposing pin=1 and vout=0 at the outlet boundary nodal points, Eqs. (2) and (4) are computed. 
ii) By imposing pin=1 and pout=0 at the outlet boundary nodal points, Eqs. (3) and (5) are computed. 
 

























Transmission Loss has been used as an acoustic performance parameter in many researches, because it can 
be evaluated regardless of environmental variables. But there are many environmental factors like vibration of a 
suction muffler and a flow-induced noise generated in a suction muffler in real situations, so the high value of 
Transmission Loss is useless on occasion. In this study, to compensate these disadvantages, Insertion Loss (IL) 
has been obtained by experiments. 
Fig.1 is the schematic diagram of experimental setup. Firstly, an acoustic pressure of a source from a speaker 
is measured by microphone, and the level is assigned the standard value. Secondly, an acoustic pressure from the 
outlet of a suction muffler is measured after the suction muffler is connected to the speaker. For consistency of the 
experiment, a microphone is located 1cm away at the angle of 45 degree from source, and then an acoustic 
pressure is measured.  Each data measured in this way is transferred and stored to PC through FFT analyzer. 
 
Suction Muffler 
Fig.2 shows the model of the suction mufflers used in this study, which is the interior of (a) one-chamber 
type suction muffler, (b) two-chamber type suction muffler and (c) pipe-resonator type suction muffler. 
 
RESULTS AND DISCUSSION 
Fig.3 shows the characteristics of noise reduction according to the type of suction muffler. One-chamber type 
suction muffler (type1) shows the advantage below 1k Hz of frequency. But the level is so low, and the muffler 
resonates in the frequency of 1.2k Hz. As a result, one-chamber type suction muffler is used restrictedly if a low 
frequency noise is issued. 
Two-chamber type suction muffler (type2) is divided into two chambers by plate having a hole for passage of 
the refrigerant sucked into the suction muffler. It shows the advantage in the high frequency band by cutting the 
waves. In contrast to one-chamber type suction muffler, two-chamber type suction muffler resonates in the low 
frequency band. 
Pipe-resonator type suction muffler (type3) can cover the disadvantage of the two-chamber type suction 
muffler. By dividing a chamber into two, high frequency waves cannot pass through the suction muffler, and by 
inserting pipes, low frequency waves cannot pass through the suction muffler. In the end, pipe-resonator type 
suction muffler improves TL in the overall range of frequency. 
Fig.4 shows the differences according to the shape of pipe resonator as followings: 
i) case1 : with pipe resonators at both upper and lower sides 
ii) case2 : with pipe resonator at only lower side 
iii) case3 : with pipe resonator having the half length of case2 at only lower side 
All cases have the similarity in the region below 2k Hz of frequency just as the profile of pipe-resonator type 
suction muffler in Fig.3. But resonance occurs in the region of 2.3~2.5 kHz in case of existence of upper pipe 
resonator. That is, existence of upper pipe enables high frequency waves to pass through well. 
Fig.5 is the result that is obtained by the IL test of type1 and type3 suction muffler. The test is conducted in 
the air, and the result of the test is converted to the case of refrigerant used in a reciprocating compressor. 
In case of IL test, there exists a flow-induced noise generated by a speaker, and the condition at the outlet of 
suction muffler is not anechoic. So the result of IL test is different from that of TL calculation. But resonance 
frequencies and the characteristics of noise reduction are similar in both cases. 
 
CONCLUSIONS  
Suction muffler used in a reciprocating compressor shows various characteristics according to the type. 
Especially, pipe-resonator type suction muffler makes up for the disadvantages not only of one-chamber type 
suction muffler in high frequency band, but of two-chamber type suction muffler in low frequency band. Those 
characteristics can be showed by TL calculation and IL test, and become the basic to the design of suction muffler 
of a reciprocating compressor. 
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Figure 1: Experimental Setup. 
 
 





































































Figure 5: Insertion Loss of Mufflers. 
